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Project:  Forisome  based  smart  materials 

Cloning  strategy  to  express  SEO  proteins  in  ceil  free  systems.  We  hypothesized  that  SEO  protein 
growth  is  limited  by  cell  space,  and  that  these  protein  bodies  only  grow  to  a  certain  size  based  on 
physical  borders,  such  as  cell  membranes  and  walls.  To  bypass  this  problem,  we  anticipated  that 
expression  of  SEO  proteins  in  a  cell-free  system  would  allow  growth  of  SEO  protein  bodies.  The 

company  Promega  offers  several  in  vitro 
transcription/translation  coupled  systems 
that  allow  up  to  1  OOpg/ml  protein 
expression  in  a  single  reaction.  We  chose 
the  TnT®  SP6  High-Yield  Wheat  Germ 
Protein  Expression  System  since  this  is  a 
plant-based  system,  and  we  anticipated 
that  this  might  provide  the  best  chances  to 
express  high  levels  of  SEO  proteins  for 
subsequent  structural  studies. 

We  generated  constructs  from  Medicago 
truncatula  cDNA  that  could  express 
SEOl  and  SE02,  either  untagged  or  with 
a  C-terminal  GFP.  The  GFP  allowed  optical  tracking  of 
SEO  protein  expression  through  a  microscope.  For  our 
cloning  strategy,  Sgf  and  Pmel  restriction  sites  were  added 
at  the  5’  and  3’  ends,  respectively,  of  each  PCR  product. 
The  products  were  subcloned  via  TA-cloning  into  the  vector 
pCR8  (Invitrogen),  sequenced,  and  further  cloned  by 
classical  restriction  site  based  cloning  into  the  SgjUPmel 
sites  of  the  Flexi  vector  pF3K  WG  (BYDV)  (for  an  overview 
of  the  cloning  strategy  see  Fig.  1).  The  Flexi  vector  was 
recommended  by  Promega  to  yield  the  highest  expression 
results  in  the  TnT  SP6  expression  system. 

Expression  of  SEO  proteins  in  wheat  germ  extract.  We 
followed  two  strategies  for  protein  production.  1.  We 
attempted  to  use  a  fast  production  method  without  protein 
purification  to  crystalize  in  the  wheat  germ  mixture.  After 
generation  of  the  different  constructs,  we  started  to  optimize 
the  conditions  for  expressing  the  two  SEO  proteins  in  the 
wheat  germ  extracts.  Initial  factors  that  needed  to  be 
considered  were  the  purity  and  amount  of  DNA  added  to 
the  assay,  time  of  incubation,  and  RNAse  inhibition.  We 
monitored  increase  of  GFP  fluorescence  by  fluorescence 
microscopy  in  order  to  optimize  conditions  and  gained  best 
results  by  having  3pg  plasmid,  1  pi  RNAse  inhibitor  (N251 1 
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Fig.  2:  Expression  of  SEOl  and 
SE02  in  wheat  germ  extracts.  A, 

Immunoblot  using  an  a-GFP 
antibody  results  in  detection  of 
SEOl  :GFP  and  SE02:GFP  at 
around  ~95kDa.  B,  SEOl  and 
SE02  detection  in  reactions  where 
lysineGREEN  had  been  added.  In  (A) 
and  (B)  1  pi  from  a  50pl  reaction 
was  loaded.  Controls  represent  2.5 
pi  of  untreated  wheat  germ 
extracts. 
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Wheat  germ  extract/ 
cell  free  expression 

Fig.  1 :  Initial  cloning  strategy  of  SEOl  and  SE02  for 
expression  in  wheat  germ  extracts. 


Promega  40U/ul),  incubated  in  3 0 jn  1  wheat  germ  extract  at  a  total  volume  of  50  jiil  for  2  hours  at 
25°C.  SEO  expression  was  easy  to  detect,  and  we  also  detected  a  single  band  of  the  expected 
size  of  SEO:GFP  proteins  (~95  kDa)  on  Western  blot  using  a  specific  a-GFP  antibody  (Fig.  2A). 
In  addition  we  visualized  expression  of  untagged  SEO  proteins  (~75  kDa)  by  adding  1  pi 
Lysine Green  (L500A  Promega)  to  the  reaction  (Fig.  2B).  Lysine  green  is  a  modified  amino  acid 
carrying  a  fluorescent  group,  which  allows  detection  of  labelled  proteins  through  read  out  by  a 
phosphoimager  after  SDS-PAGE. 

The  results  demonstrated  that  the  wheat 
germ  system  is  suitable  to  express  SEO 
proteins  to  full  length.  We  kept  solutions 
under  different  temperature  and  humidity 
conditions  to  stimulate  crystal  formation 
and  we  were  able  to  generate  crystals 
(Fig.  3).  Staing  of  crystal  fragments  with 
coomassie  brilliant  blue  indicated  a 
proteinaceous  nature  of  the  crystals.  X- 
ray  investigations,  however,  showed  that 
the  crystals  were  products  from 
components  of  the  wheat  germ  solution 
and  not  SEO  protein  crystals.  Therefore, 
several  additional  conditions  were  tested. 
We  used  natural  forisomes  to  dope  the 
solution  with  a  nucleation  site 
unfortunately  without  success.  SEO 
proteins  have  1 1  cysteines  that  may  form 
sulfide  bonds  critical  for  complex 
formation.  The  wheat  germ  extract 
contains  reducing  agents,  such  as  DTT,  that  may  prevent  establishment  of  sulfhydryl-bridges.  In 
addition  it  is  known  that  SEO-based  forisomes  loose  reactivity  over  time  when  exposed  to 

oxygen,  while  calcium  promotes 
forisomes  to  go  from  a  low-  into  a  high- 
volume  state.  To  address  these  potential 
problems,  Promega  recommended 
adding  glutathione  to  the  reaction,  and 
we  generated  an  anaerobic  environment 
by  incubating  translation  reactions  in 
chambers  containing  BBL™  GasPak™ 
Plus  anaerobic  system  envelopes  with 
Palladium  catalysts.  To  avoid  any 
potential  impacts  through  calcium  we 
ran  reactions  in  the  presence  of  EGTA. 
However,  these  additional  treatments 
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Fig.  4:  Expression  and  purification  of  SEO:His 
tagged  proteins.  SEOTHis  and  SE02:His  were 
expressed  in  wheat  germ  extract  as  described  above  in 
the  presence  of  LysineGreen.  Expressed  protein  was 
purified  through  Ni-agarose  beads  using  standard 
procedures.  Proteins  were  loaded  on  a  SDS-PAGE  and 
detected  through  a  phosphoimager.  1,  input  (5pl  of 
reaction);  2,  first  washing  (SEO  protein  unspecifically 
washed  off;  all  protein  loaded),  3,  purified  and  eluted 
protein  (5pl  of  100  pi  loaded);  4,  remaining  protein  on 
beads  after  elution  (all  protein  loaded). 


Figure  3:  Crystal  formation  in  wheat  germ  extract. 

A,B)  Crystal  formation  was  observed  in  wheat  germ 
extract  after  production  of  SEO  proteins.  C,D) 
fracturing  crystals  using  microcapillaries  (D)  and 
staining  with  coomassie  brilliant  blue  indicated  a 
proteinaceous  nature  of  the  crystal. 


had  no  positive  impacts  on  forisome  assembly,  although  the  same  levels  of  SEO  protein 
expression  were  observed. 

Expression  and  purification  of  SEO.His  tagged  proteins.  At  this  point  we  speculated  that 
something  in  the  wheat  germ  extract  may  be  preventing  assembly  of  SEO  proteins  into  forisome 
complexes.  Therefore  we  changed  the  strategy  and  purified  SEO  proteins  from  the  wheat  germ 
system.  SEOl  and  SE02  were  re-cloned  as  described  above,  but  with  a  6xHis-tag  added  to  the 
3 ’-end  of  each  cDNA  for  affinity  purification.  As  observed  before,  we  were  able  to  generate  full- 
length  SEO  proteins,  and  to  purify  the  proteins  from  wheat  germ  extract  with  Ni-agarose  beads 
(Fig.  3).  The  purification  of  the  expressed  SEO  proteins  also  allowed  us  to  quantify  the  total 
amount  of  SEO  proteins  expressed  in  a  50  pi  reaction.  We  repetitively  saw  production  of  less 
than  100  ng.  This  amount  was  around  50-fold  less  than  what  Promega  stated  the  TnT®  SP6 
High-Yield  Wheat  Germ  Protein  Expression  System  is  capable  to  produce.  Unfortunately  the 
low  expression  forced  us  to  reduce  the  total  volume  for  crystallization.  However,  purified  protein 
is  currently  subjected  to  various  conditions  for  slow  crystal  growth  which  provides  better  growth 
efficiency. 

Since  the  expression  in  the  wheat  germ  system  yielded  lower  amounts  than  expected  and  we 
cannot  exclude  that  forming  crystals  will  be  too  small,  we  have  cloned  appropriate  constructs  to 
use  other  systems  such  as  yeast  expression  systems  that  extract  recombinant  proteins  into  the 
medium.  We  expect  this  system  to  be  more  efficient,  but  the  final  tests  will  extend  beyond  the 
funding  period. 

Due  to  some  unexpected  problems  we  were  not  able  to  crystallize  SEO  proteins  for  X-ray 
investigations  within  the  9  months  funding  period.  However,  we  made  significant  and  important 
progress  towards  our  goal.  Since  it  may  take  months  to  form  individual  crystals  under  the 
optimum  conditions  the  proteins  are  currently  subjected  to,  it  is  difficult  to  estimate  when  crystal 
formation  will  be  accomplished,  but  we  expect  to  get  diffraction  patterns  within  this  year.  Once 
an  appropriate  publication  will  be  submitted,  ARO  support  will  be  mentioned  and  we  will  upload 
appropriate  publications. 


